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\on\\ o\ cn 1 hcrnioplastic Hlaslomer Fabric Roll 
and Method and Apparatus for Making Same 

FIHLD OI- THH 1N\1:N d lON 

5 The present iinention relates to non\\o\en fabric rolls, made by 

w inding up onto a tube a non\\ o\ en fabric formed from thermoplastic elastomer 
filaments, and methods and apparatus for producing nonwox en fabric rolls. 

BACKGROUND 

Nonw o\ en fabrics are commonly produced by spinning a 

10 thermoplastic resin into fibers, and allow ing the freshly spun fibers to pile on a 
mo\ ing con\ e\ or belt. Fntangled filaments bond w ith each other due to the high 
selfadhesix e properties of the still-hot thermoplastic elastomer, diereby forming a 
slieet of nonw o\en fabric. The sheet is typicall\ compressed in some manner to 
produce the desired thickness and densit\'. The nonw o\ en fabric, formed into a 

1 5 sheet, is then transported by the belt con\ e\'or tow ard nip rollers which peel the 

fabric from the belt coin e> or. f hen the nonw'0\ en fabric is w ound up b\ a take-up 
de\ ice around a cylindrical core to form a nonwox en fabric roll. 

Since the treshl\- spun thermoplastic elastomer has liigh!\' adhiC^i^e 
properties, iiie spun tllaments tend to adhere to the belt comeyor as well as to one 

20 another. As a result, it is necessarx' to appK' a significant amount of tension to the 
nonw o\ en fabric to peel it from the belt coin e\'or. 

Conscquenth . w hen the nip rollers peel the nonwo\ en fabric from the 
belt coin e\ or. a tension due to the adhesion acts on the nonw o\ en fabric causing the 
fabric to stretch, w hile shrinking in the direction of w idth, w ith the formation of 

25 longitudinal w rinkles. in prior art apparatus and methods, because the nip rollers are 
disposed downstream of the noinv ox en fabric, \hc tension T^ acting on the nonw o\ en 
fabric being peeled otTis significantl>' greater than the force F required for peeling 
off as show n in Fig. 1 1. Thus the nonw o\ en fabric production apparatus of the prior 
art has problems in that a \ er\ large tension is exerted on the nonwox en fabric w hen 




peeling it off the belt eon\ e\ cM\ resulting \n w rinkles formed along the length ot the 
non\\o\en fabric. Ihe longitudinal wrinkles are then fixed on the non\\o\en fabric 
as the w rinkled fabric is pressed betw een the nip rollers. 

Also, becatise the tension caused b\' the nip rollers acts betw een the 
5 nip rollers and the take-up de\ ice as w ell, the nonw o\ en fabric is tightly w ound up 
around the tube w hile under tension. 1 he nonw o\ en fabric roll w ound by the take-up 
de\ ice is used in the production of many products, such as first aid bandages or 
glo\es, by punching the nonwo\en fabric after unrolling it from the roll. Since the 
nonwo\ en fabric roll is wound tightly, a nonw ov en fabric roll that has been left for a 

10 long period of time becomes difficult to unroll, nnrtly Jmc to ihc sclf-adhesi\ e 

properties of the thermoplastic elastomer. As a result, there has also been a problem 
in that significant tension must be applied to unroll the nonwoven fabric, which 
causes an elastic deformation w herein the nonwox en fabric stretches lengthw ise and 
shrinks in the direction of w idth. fhis deformation is spontaneously re\ ersed after a 

1 5 period of time (delayed restoration), after the punch forming process, thus causing a 
change in the punched shape. 

There is a need for nonw o\ en fabric rolls w hich do not exhibit 
longitudinal w rinkles, and w hich may be unw ound w ith little or no deformation so 
that dela\ ed restoration does not lead to a change in shape of derived products. 

20 There is also a need for methods and apparatus for producing nonw o\ cn fabric rolls 
ha\ ing such properties. 

BRlFiF DESCRIPTION OF THE IW'ENTION 

It is an object of the present un ention to prox ide a thermoplastic 
elastomer nonw o\ en fabric roll exhibiting reduced w rinkles and reduced change in 
25 shape associated w ith dela\ ed restoration. It is a further object of the iin ention to 
pro\ ide a method and apparatus for producing such a roll. 

The iin ention relates to a nonw o\ en fabric roll formed by w inding a 
nonw o\ en fabric, formed from thermoplastic elastomer filaments accunuilated and 
bonded into a sheet, around a tube, wherein the nonwo\en fabric roll is fomied so 
30 that the tension (unrolling tension) exerted on the nonwo\ en fabric when being 

unrolled from the nonw o\ en fabric roll is not greater than 0.25 g cm basis-w eight. 




When the unrolling tension exeeeds i).25 g eni basis-weight, it 
becomes neeessar\' to appl\' an e.\cessi\ e tension to the non\\ o\ en fabric w hen 
unrolling the nonw o\ en fabric roll. This causes the nonw o\ en fabric to experience 
such an elastic deformation as stretching in the direction of length and shrinking in 
5 the direction of w idth and, w hen the nonw o\ en fabric is punched to form a product, 
the punched shape changes due to delayed restoration of the elastic deformation, thus 
making it impossible to produce good products. When strictly taking the change in 
shape due to delayed restoration into consideration, the unrolling tension is 
pi-eterably 0.20 g cm basis-w eight or less, and more preferably 0.15 g/cm/basis- 

According to this in\'ention, the filaments that are spun from the 
spinning de\ ice are piled up and bonded to form a sheet of nonw oven fabric on the 
belt com eyor. I he nonwoven fabric thus formed is carried by the belt com eyor and 
peeled from the belt conx eyor b\ a rotating roller disposed abo\ e the transportation 
1 5 /one, to be w ound by the take-up de\ ice arotmd the tube to make tlie nonw o\ en 
fabric roll. 

As mentioned pre\ iousl\-. since the thermoplastic elastonier has 
highly adhesix e property, the filaments that are spun therefrom tend to adhere to the 
belt con\ eyor. As a result, it is necessary to apply a significant amount of tension to 

20 the nonw o\ en fabric to peel off the nonw o\ en fabric from the belt conx eyor. 
Accordii^.g to lb. is imeritior., siPiCe tlie rionwox en fabric is peeled from the bell 
con\ e\ or b\' the Hfting action of the rotating roller disposed abo\ e the transportation 
/one of the belt con\ e\ or, substantialh' the same tension as exerted on the nonw ox cn 
fabric is applied to peel off the nonw o\ en fabric. As a consequence, the nonw o\ en 

25 fabric can be peeled from the belt con\ e\ or by applying only the minimum tension 
that is necessar\ and sufficient, thus making it possible to minimize the elastic 
defomiation and longitudinal w rinkling of the nonw o\ en fabric that are caused w hen 
peeling off 

Since the tension is reduced as described abo\ e, the tension acting on 
30 the nonw o\ en fabric betw een the rotating roller and the take-up de\ ice is also 

reduced, so that the nonw oven fabric is w ound up into a roll w ith a low er tension 
As a result, the nonw o\ en fabric roll thus fomied is w ound less tightlv. Thus e\ en 
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under ihc mtluence of the adhesi\ e property that is characteristic to the therniophistic 
elastomer, the non\\o\ en fabric roll that can be easil\' unrolled w ith an unrolhng 
tension of 0.25 g cm basis -w eight or less can be formed. Such a non\vo\ en labric 
roll ha\ ing fav orable unrolling performance requires a relatix el>' low er tension to 
unroll the nonw ox en fabric, and makes it possible to minimize the change in the 
punched shape due to delayed restoration. 

BRIEF DI:SCRIPTION OF THE FIGURES 

1-^ig. 1 is a front \ iew schematically show ing the constitution of a 
thiCrn^iGplaGtic elastonier i^.O!"i\\o\'en fabric ro!! production upp'iT^ini«; nrrnrdmg to one 
embodiment of the present in\ ention. 

Fig. 2 is a front \ iew show ing a w idth expanding roller of this 

embodiment. 

Fig. 3 is a \ iew show ing the action of a rotating roller of this 

embodiment. 

Fig. 4 is a front \ iew schematicalK' show ing the constitution of a 
thermoplastic elastomer nonw ox en fabric roll production apparatus according to 
another embodiment of the present invention. 

Fig. 5 IS a front \ iew schematicall_\' show ing the constitution of a 
thermoplastic elastomer nonwox en fabric roll production apparatus according to v et 
another embodimeiit (M^lhe j^-c^ent in\'enti(^n 

Fig. 6 is a front \ iew schematicalK' show ing the constitution of a 
thermoplastic elastomer nonw ox en fabric roll production apparatus according to 
another embodiment of the present inx ention. 

Fig. 7 is a schematic x iexx shoxx ing the constittition of a measuring 
instrumenl for measuring the unrolling tension. 

[Mg. S is a graph shoxx ing the change in tension xx ith time as measured 
b\' the measuring instrument. 

Fig. 9 is a front x lexx schematically shoxx ing the constitution of a 
thermoplastic elastomer nonxx ox en fabric roll production apparatus of tlie prior art. 

Fig. 10 is a sectional x iexx of a noz/le portion of a melt bloxx head. 

Fig. 11 is a X iexx shoxx ing the action of nip rollers in the prior art. 
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DHl AILED DESCRIF^TION OF THH INVENTION 

An example of prior art apparatus for producing a thermoplastic 

15 elastomer non\\ o\ en fabric roll is show n in Fig. 9. As show n in the drawmg, the 

nonwox en fabric roll production apparatus 1 ()() comprises a spinning de\ ice 101. that 
has a melt extruder 1 10 for melting dried thermoplastic elastomer chips and 
discharging the melt and a melt blow head 102 for discharging the thernioplastic 
elastomer from noz/les and spinning filaments, thereb>' spinning the filaments b\' the 

20 so-called melt blow process, a belt con\ e\or 1 15 that is disposed below the melt 
blow head 102 and transports the filaments being spun by the melt blow head 102 
wliile piling the filaments into a sheet of nonwo\ en fabric 131 thereon, nip rollers 
120 that take up tlie nonw o\ en fabric 131 from the belt con\'e\ or 1 15, and a take-up 
de\ ice 125 that w inds the nonw ox en fabric 131 fed from the nip rollers 120 around a 

25 tube 132 thereb\' forming a nonw ox en fabric roll 130. 

As show n in Fig. 10, the melt blow head 102 has a discharge port 
102c that is formed in the shape of a slit and is disposed on the bottom surface 
thereof, and noz/les 102b formed at equal inter\ als abo\ e the discharge port 102c 
and facing thereto, w hile the discharge port 102c and the noz/les 102b are disposed 

30 along the width of the belt con\e\or 115. Fonned before and afier the no/zles 102b 
in the transport direction of the belt com eyor 1 15 are gas suppK' passages li)3a and 
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l()4a. so that a healed and eonipressed gas is supplied from the gas supply passages 
l()3a and l()4a lo the discharge port l()2c and discharged from the discharge port 
I02c. Yhc nozzles 102b receix e a constant anunint of molten tliermoplaslic 
elastomer supplied through a passage l()2a that communicates thereto. 1 he gas 
5 suppK passages l()3a and 104a reccix e the heated and compressed gas from gas 

suppK means (not shown) through suppl\' pipes 103 and 104, respectively, as shown 
in Fig. 9. 

A conx eyor bell 1 16 that constitutes the belt con\ eyor 1 15 is an 
endless beU made of w ire mesh hav ing a predetermined mesh size, and runs in the 

10 direction indicated by arrow thereby lo transport the nonwoven fabric 131 placed 
thereon in this direction. The nip rollers 120, comprising a pair of rollers 121, 122 
that are pressed against each other, are disposed to be in parallel to each other in the 
vertical direction, and rotate iri the direction indicated by arrow thereby lo pull the 
nonw ov en fabric 131 carried on the bell conv eyor 1 15 off the bell conv eyor 1 15 and 

15 feed the nonwov en fabric 131 tow ard the lake-up dev ice 125. The take-up dev ice 

125 is prov ided w ith a pair of take-up rollers 126, 127 disposed m a horizontal plane 
at a predetermined distance. At least one of the take-up rollers 126, 127 serv es as a 
driv e roller thai rotates in the du'ection mdicated bv arrow thereby lo rotate the lube 
132, that is placed on the take-up rollers 126. 127. about the axis of rotation thereof 

20 and w ind up the nonwov en fabric 131 around the tube 132, thereby forming the 
nonwov en fabric roll 130. 

In the nonwov en fabric roll production apparatus 100 having the 
constitution described above, tlrsi the molten themioplastic elastomer is supplied 
from the melt extruder 1 10 to the melt blow head 102, and is continuouslv 

25 discharged from the nozzles 102b. The gas supplv passages l()3a and 104a of the 
melt blow head 102 receiv e the heated and compressed gas from the gas siipplv' 
means (not show n) through the supplv- pipes 103 and 104. respecliv elv. with the gas 
bemg spouted from the discharge port l()2c at a predetermined flow velocitv. Thus 
the thermoplastic elastomer discharged from the nozzles l()2b is carried by an air 

30 stream spouted from the discharge port 102c and is formed into extremeK thin 
filaments. 



The filaments that ha\ e been spun as described abo\ e How dow n right 
below to gather on the con\ c\ or belt 1 16 of the beU con\ e\ or 1 1 5 w hile the 
n laments are entangled w ith those nearb\'. Entangled filaments bond w ith each other 
due to the high self-adhesion properties of the themioplastic elastomer therebx' 
5 forming a sheet of nonwo\en fabric 131. The nonwo\en fabric 131 formed in a 

sheet is transported through the transportation /one of the belt con\ cyor 1 15 tow ard 
the nip rollers 120 and is peeled from the belt conx eyor 1 15 by the nip rollers 120. 
Then the nonwox en fabric 131 is wound up by the take-up dcx ice 125 around the 
tube 132 to form the nonwo\ en fabric roll 130. 

1 0 At a normal temperature, the thennoplastic elastomer has properties 

similar to those of \ ulcani/ed rubber, and show s high stretchability, high frictional 
resistance and adhesi\'e property, as well as the high self-adhesion property described 
above. As a result, the filaments piled on the conx eyor belt 1 16 bond not only w ith 
each other but also w ith the con\ eyor belt 1 16. 

15 Consequently, when the nip rollers 120 peel the nonwoven fabric 13 1 

from the belt com eyor 115, a tension due to the adhesion acts on the nonw ov en 
fabric 131 thus causing the nonw ox en fabric 131 to stretch w hile shrinking in the 
direction of w idth, w ith the formation of longitudinal w rinkles. Also because the nip 
rollers 120 are disposed dow nstream of the nonw ox en fabric 131 in the transporting 

20 direction beyond the belt conx exor 1 15 u"i the nonw ox en fabric roll production 
apparatus 100, tension Ta acting on the nonxx ox en fabric 131 being peeled off is 
significantly greater than the force F required for peeling off as shoxxn in Fig. 1 1 . 
Thus the nonxx ox en fabric production apparatus 100 of the prior art has problems due 
to the large tension exerted on the nonxx ox en fabric 13 1 xxhen peeling the nonxxox en 

25 fabric 131 from the belt conx exor 1 15 resulting in xxrinkles formed along the length 
of the nonxx ox en fabric 131. The longitudinal x\ rinkles are then fixed on the 
nonxx ox en fabric 131 as the xx rinkled nonxxox en fabric 131 is pressed b\' the nip 
rollers 120. 

Also, because the tension caused by the nip rollers 120 acts betxxeen 
30 the nip rollers 120 and the take-up dex ice 125 as w ell, the nonxxox en fabric 131 is 
xxound up around the tube 132 xxhile under tension. The nonxxoxen fabric roll 130 
w ound b\ the take-up dex ice 125 is used in the production of for example, first aid 
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bandages or glo\ es b\ punching the nonw cn cn fabric 1 3 1 after unrolling the 
non\\o\ en fabric roll 130. How ev er, since the non\\'0\ en fabric roll 130 is wound 
\ er\' tightl> due to the tension, a nonw ox en fabric roll that has been left for a long 
period of time becomes difficult to unroll, partly due to the self-adhesi\ e properties 
5 of the thermoplastic elastomer. As a result, there has also been a problem in that a 
significant tension must be applied to unroll the nonwo\en fabric roll 131 to extend 
the nonwoxen fabric 131, which causes an elastic deformation wherein the 
nonw'o\ en fabric 131 stretches lengthw ise and shrinks in the direction of w idth. The 
deformation rex erses itself later (delayed restoration) after the punch fonning 

10 process, thus causing a change in the shape of the punched item. 

The unrolling tension T in the present invention is gi\'en as follows, 
by denoting the tension actually acting on the nonwoven fabric as measured w ith a 
tension measuring instrument as t (g) , width of the nonwoven fabric as 1 (cm) and 
basis w eight of the nonw ov en fabric as W (gm"). 

15 T - (t 1) W 

'fhe thermoplastic elastomer of the present in\ ention ma\ be materials 
such as know n melt-spinnable polyurethane elastomers, polyester elastomers 
prepared by copolymeri/ing poh'butylene terephthalate w ith \ arious aliphatic 
polyols, polystx rene, polyst\'rene-based elastomers, and olefinic elastomers. Among 

20 these, the pol\'urethane elastomers ha\'e excellent mechanical properties such as 

tensile strength, rate of reco\ er\' after stretching and chemical resistance, and these 
arc preferred thermoplastic elastomers. Polyurethane elastomers that hax e JIS Shore 
A scale hardness in a range from 75 to 9S are capable of making an elastomer that 
has excellent stretchabilitx' and mechanical properties, and are therefore preferable. 

25 When the Shore A scale hardness is 75 or low er, the tensile strength of the elastomer 
decreases and, w hen Shore A scale hardness is 98 or higher, the stretch restoration of 
the elastomer decreases, fhe poK urethane elastomer is preferably modified b\' 
adding thereto one or more additi\ es such as phenolic antioxidants, light-resistant 
agents such as ben/otria/ole, salic\ lie acid and hindered amines, and adhesion 

30 inhibitors such as amide wax and montan wax. 

The thermoplastic elastomer nonw o\ en fabric is preferably produced 
by the method of the present inv ention, and the method is preferably carried out b\' 
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means of the apparatus of the present nn ention. The im ention pro\'ides a method of 
producing a non\\ o\ en fabric roll b\' piling thermoplastic elastomer filaments that 
ha\ e been melt-spun on a belt con\ e\or. thereb>' forming a sheet of nonwoven fabric, 
pulling off the non\\ o\ en fabric thus formed from the belt con\ e\'or and w inding the 
5 non\\o\ en fabric around a tube to ibrm a roll, w herein the nonwo\ en fabric carried 
on the belt con\ e\'or is peeled from the belt com eyor and guided to a rotating roller 
disposed abo\ e the transportation /one of the belt con\'eyor so that the nonw o\ en 
fabric that has been peeled off is w ound around the tube and formed into the roll. 
The in\ ention also pro\ ides an apparattis for producing the nonwoven fabric roll, 

1 0 comprising a spinning de\ ice that has a nozzle head for discharging the molten 
therm.oplastic clasiomer tbrmed nozzles and spinning filaments, a belt conx cyor 
disposed below the nozzle head for transporting the filaments spun out of the nozzle 
head while piling up the filaments into a sheet of nonwoN cn tlibric, a rotating roller 
for peeling off the nonw ox en fabric fomied the belt conveyor and a take-up dev ice 

15 for w inding up the nonw ox en fabric, that is fed \ ia a rotating roll, around the tube, 
w ith the rotating roller being disposed abo\ e the transportation zone of the belt 
com e\ or. 

As the distance betw een the position w here the nonw o\ en fabric is 
peeled from the belt con\e\'or and the position where the rotating roller is located 

20 becomes larger, the nonwox en fabric becomes more likely to shrink in the direction 
of xx idth due to the tension acting thereon, resulting in longitudinal w rinkles. 
Therefore, it is desirable to dispose the rotating roller close to the belt conx exor, so 
that the nonxx ox en fabric is pulled off at a position as near to the rotating roller as 
possible. PreferabK the distance betw een the belt and the axis of the roller is 30 cm 

25 or less, more preferabK' 20 cm or less. 

It is also desirable to expand the nonxxox en fabric, after it has been 
peeled from the belt conx ex or, in the direction of xx idth xx ith a xx idth expanding 
dex ice before xx inding the nonxx ox en fabric into a roll. As described pre\ iousK , the 
nonxx ox en fabric that is fed x ia the rotating roller has shrunk in the direction of xx idth 

30 under the tension applied thereto. In the expanding process described abox e, the 
nonxx ox en fabric is preferabK' expanded back to its original xx idth. Since the 
nonxx ox en fabric is shrunk in the longitudinal direction in this process, the tension 
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acting on ihc non\\o\ cn fabric can be fuilhcr mitigated b\' the expansion process, 
thus niakmg it possible to form the non\\ o\ en fabric roh w ith a further reduction in 
the tightness of w inding. 

\n the expansion process, it is preferable to expand the nonwox en 
5 fabric gradually \n the direction of w idth b\' sequentially performing a series of 
expansion processing steps. This embodiment makes it possible to reduce the 
tension more properly. Moreo\ er, since routing ihc nonw o\'en fabric through a 
plurality of w idth expanding de\ ices allow s the filaments sufficient time to naturally 
cool down and solidify before the nonwo\'en fabric is wound into the roll, the self- 

1 (J adhesi\'e properties of the nonw o\ en fabric roll can be further reduced, hi order to 
Cool dow n the hlaments more efficiently and reduce the adhesi\ c properties of the 
nonw o\ en fabric roll e\'en further, cool air from a blower may be applied to the 
nonw o\ cn fabric that has been peeled formed the belt con\'eyor or, in embodiments 
w here the expanding de\'ice has a roller that makes contact w ith and expands the 

1 5 nonw o\ en fabric, a coolant may be circulated through the roller thereby cooling 
down the nonw o\ en fabric \ ia the roller. 

The term "tube" as used in the present disclosure refci*s to any 
cvlindncal object around w hich the nonwo\ en fabric is w ound, and is normalK' a 
paper tube or a resin tube. The present in\ ention is more useful on nonw o\'en fabrics 

20 that ha\ e basis w eight less than about 400 g nr and most useful on nonwox en fabrics 
of basis w eight less than about 300 g nr. When the basis weight is greater than 400 
g nr, the nonw o\ en tabric lias sufficient tensile strength and thickness to recover its 
dimensions in the take-up process. As a result such nonw o\ en fabrics do not 
necessarilv become too tight when wound into a voW. The present in\ eiition is 

25 particularK' useful w hen the w idth of the nonw o\ en fabric is 40 cm or greater. It 

becomes increasingh' more difficult to pull the nonw ox en fabric off the con\ eyor net 
uniformK' as the w idth increases. 

Specific embodiments of the present inxention will be described 
below w ith refet-ence to the accompanx ing draw ings. FMg. 1 is a schematic diagram 

30 show ing the configuration of a nonw ox en fabric roll production apparatus according 
to one embodiment. As show n in the draxx ing. the nonxx ox en fabric roll production 
apparatus 1 of this embodiment has partly the same configuration as the nonxx ox en 
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fabnc roll production apparatus 100 of the prior art show n in FMg. 9. AccordingU . 
identical components w ill be denoted \\ ith the same reference numerals and 
description thereof w ill be omitted. 

As shown in Fig. 1, the nonwox en fabric roll production apparatus of 
5 this embodiment comprises a rotating roller 2 disposed abo\ e the transportation /one 
of a belt con\ e>'or 1 1 5. and expanding rollers 3, 4 and feed rollers 5, 6 disposed 
successi\'ely betw een the rotating roller 2 and a take-up de\ ice 125. 

The rotating roller 2 is a roller that preferably has a circular cross 
section, and is disposed abo\ e the transportation /one of the belt conv eyor 1 15. to 

10 ser\ e the function of peeling the nonw ox cn fabric 131 from the belt conx eyor 1 15. a^ 
described prev iously. For this puipose. the circumference of the rotating roller 2 is 
preferably fmished \'cry smoothly to improv e close contact w ith the nonwoven fabric 
131 . Specirically, the stirface llnish of the roller 2 is preferably 2S or low er in the 
surface rotighness grade specified in JIS B 0601. more preferably 1.5S or lower, and 

1 5 most preferably 1 .OS or low er. The cross section described abov e is not limited to 
circular shape and may be oval or polv gc^nal. 

1 he w idth expanding rollers 3 and 4 consist of spiral ridges 3a. 4a on 
the circumference of rollers having circular cross section. The ridges 3a, 4a are 
formed in opposite spiraling directions from the center of the roller out to the ends. 

20 fhus the w idth expanding rollers 3. 4 rotate in the directions indicated by arrows, to 
expand the nonwov en fabric 131 that is in pressure contact with the circumferential 
^ui face liiereol in the direction of w idth bv' the actions of the ridges 3a. 4a. 

In the nonw ov en fabric roll production apparatus of this embodiment 
hav ing the configuration described above, the themioplastic elastomer nonwoven 

25 fabric 131 spun by the spinning device 1 and formed into a sheet on the belt 
conv evor 1 15 is caiTied b\- the belt conv evor 1 15, and is peeled from the belt 
com ev or 1 1 5 to be guided upw ard to the rotating roller 2 disposed above the 
transportation /one, as show n in Fig. 3. As mentioned prev iously. the nonw ov en 
fabric 131 adheres to the belt com ev or 1 15 due to the adhesiv e propertv of the 

30 thermoplastic elastomer. In tins embodiment, since the nonwov en fabric 131 is 
peeled from the belt convev or 1 15 by the lifting action of the rotating roller 2, a 
tension substantially the same as the tension Ta acting on the nonwov en fabric 131 




sen es as llie peeling force V as shown in I-ig. 3. ^1 bus it is possible to peel off the 
non\\ o\ en fabric 13 L from the belt con\ e\ or 1 15 b\ appK ing the nuninuim 
necessar\ tension on the non\\o\ en fabric 131, minmii/ing the elastic deformation 
and the longitudmal w rmkles that at'c generated in the nonw ox en fabric 131 during 
5 the peeling ofl^ process. 

Also because the nip rollers 120 as shown in Fig. 9 are not used for 
peehng off the nonw o\'en fabric 131 in this embodiment, any longitudinal w rinkles 
generated in the nonw o\ en fabric 131 due to the tensile force of peeling off are not 
fixed in the labric by the pressure of nip rollers. 

10 As the distance betw een the position where the nonw o\ en fabric 131 

is peeied trom the belt con\ cyor 1 1 5 and the position where the rotating roller 2 is 
located becomes larger, the nonw oven fabric 131 becomes more likely to shrink in 
the direction of w idth due to the tension acting thereon, resulting in longitudinal 
wrinkles. Therefore, it is desirable to dispose the rotating roller 2 as near to the belt 

15 conx eyor 1 1 5 as possible. 

The nonw ox en fabric 131 that has been peeled from the belt con\ eyor 
1 1 5 passes the w idth expanding rollers 3. 4 and the tension adjust rollers 5, 6 and is 
w ound up by the take-up de\ ice 125 around the tube 132 to make the nonw ox en 
fabric roll 130. The nonxxox en fabric 13 1 that is fed x ia the rotating roller 2 has 

20 shrunk in the direction of xx idlh uiuler the tension applied thereto. The xvidth 

expanding rollers 3, 4 act to expand the nonxxox en fabric 131 in the direction of 
widtli and liierebx' siinnk the nonxxox en fabric 131 m the longitudinal direction. 
Consequentlx , the tension acting on the nonxx ox en fabric 131 can be countered b\' 
the expansion process, thus making it possible to fomi the nonxxox en fabric roll 130 

25 that has been xxound up through the tension adjust rollers 5, 6 xxith less tightness of 
XX inding. 

In another embodiment, the nonxx ox en fabric 131 can be expanded 
graduallx in the direction of xx idth xx hen the expansion process comprises txx o or 
more processing steps using expanding rollers such as 3, 4. thus making it possible to 
30 reduce the tension more properK'. Moreox er, since routing the nonxxox en fabric 131 
through the xx idth expanding rollers alloxx s the filaments sufficient time to naturalK' 
cool doxx n and solidifx before the nonxxox en fabric 131 is wound into the roll, self- 




adhesnc properties of the fabric in the nonwoxcn fabric roll 130 can be mitigated. In 
order to cool dow n the filaments more efficienth' and mitigate the adhesix e 
properties of the nonu ox en fabric roll 130 further, cool air from a blow er may be 
applied to the non\\ o\ en fabric 131 that has been peeled from the belt con\ cyor 1 15, 
S or a coolant such as cold w ater ma>' be circulated through the w idth expanding 

rollers 3, 4 thereby cooling down the nonwox en fabric 131 \'ia the expanding rollers 
3, 4. 

Yhc nonw ox en fabric roll 130 produced by the nonxv ox cn fabric roll 
production apparatus 1 of the m\ ention is xx ound less tightly then prior art rolls. 

10 Thus despite the self-adhesix e properties of the thermoplastic elastomer, a nonxvox cn 
fabric ml! that can be easily unrolled xx ith a unrolling tension of 0.25 g/cm/basis- 
XX eight or less can be fonned. 

According alternatix e embodiments, as long as a nonxx ox en fabric roll 
130 \xith an unrolling tension of 0.25 g cm basis-xx eight or less can be fonned, such 

15 a configuration as shoxx n in Fig. 5 xx here only one xx idth expanding roller 3 is 
prox ided may be emplox ed, and a configuration as shoxx n in Fig. 4 xx here the 
expanding rollers 3, 4 are remox ed altogether may also be employed. A 
configuration as shoxx n in I-ig. 6 xx here a larger number of xx idth expanding rollers 
are prox ided may also be employed. In Fig. 6, four pairs of xx idth expanding rollers 

20 31,41, 32, 42. 33, 43. 34, 44 are prox ided. Although the w idth expanding rollers 3, 
4 exemplified in Fig. 4 hax e ridges 3a, 4a on the circumference thereof the rollers 
are not limited to ih.is structure as long as the xx idth expanding function is prox ided. 
For example, the ridges 3a, 4a may be replaced w ith spiral tmdulations or groox es 
formed in the circumference or, alternatix ely, a fundamentallx' different structure 

25 max be emplox ed. 

FXAMPLFS 

The present inx ention xx ill noxx be described in more detail beloxx b\- 
\x ay of examples. 
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Example 1 

a) Raw material 

A Ihermoplaslic poK urelhane polymer ha\ ing Shore A scale hardness 
of^O, obtained b\' pol\ nieri/ing three components, i.e. diol (ha\ ing a molecular 
w eight of 2000) comprising butanediol, hexanediol and adipic acid as a soft segment, 
4.4'-diphen\imethane diisocyanate (MDl) and 1 ,4-butanediol according to a batch 
poK'meri/ation system, w as used as a raw material. This polymer contains a 
phenolic antioxidant and a ben/otria/olc light screening agent, each in the amount of 
0.2 w eight ^' o. The melt x iscosity of the polymer measured at 190 degrees centigrade 
by using a How tester w as 12000 poise. 

b) Production apparatus 

An apparatus w as used to produce the nonw'o\^en fabric roll 130 which 
comprised the spinning device 101 and the belt conveyor 1 15 disposed as shown in 
ITg. 1, and the rotating rollers 2, the feed rollers 5, 6 and the take-up device 125 
disposed as show n in Fig. 4. For the melt extruder 1 10, one ha\ ing L D ratio of 25 
and diameter of 50 cm was used. A coat hanger type melt blow head 102 w as used 
that was 1380mm in length (along the width of the belt con\'e\'or 1 15), 270 mm in 
width (the longitudinal direction of the belt con\eyor 115) and had 625 no/zles each 
ha\ ing opening 0.4 mm in diameter, disposed linearly at 2 mm intervals on the 
bottom surface thereof. The belt com e\'or 1 15 comprised a conveyor belt 1 16 made 
of plain-w o\ en metal mesh of mesh si/e 40. Disposed below the com ex'or belt 1 16 
at a position right Helow melL blow iiead 102 is a suction de\ ice for draw ing off 
the gas discharged from the discharge port l()2c. 

c. Prodtiction method 

The thermoplastic poK urethane pol>'mer obtained as described above 
w as dried in \ acuum using a rotar\' \ acuum drier and w as supplied to the melt 
extruder 1 10 to be melted therein, w ith the molten themioplastic polyurethane 
poK'mer being guided to the melt blow head 102 to be spun. Melting temperature in 
the melt extruder 1 10 w as set to 220 degrees centigrade. Spinning conditions m the 
melt blow head 102 w ere set to 230 degrees centigrade for the temperature of the 
melt blow head 102, 0.64 g hole min for the discharge rate of the themioplastic 
poh'urethane pol\ mer from the no/zles 102b, 235 degrees centigrade for the 
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temperature of gas discharged from the discharge port H)2c w ith the How rate the-eof 
being set to 12()()() XL min. 

Thermoplastic pol\ urethane filaments thus spun w ere piled up into a 
sheet on the beh con\ e\'or 1 1 5 to form the nonw ox en fabric 131. The non\\ o\ en 
5 fabric 131 w as peeled from the belt con\ e>'or 1 15 by the rotating roller 2. passed 
through the feed rollers 5. 6 and was wound up by the take-up de\'ice 125 around a 
paper tube n^ieasuring 8.5 cm in diameter thereby forming the nonw'o\ cn fabric roll 
130. A sample of nonwox en fabric measuring 50()m in length was wound into the 
nonw o\ en fabric roll 130. Running speed of the belt con\ eyor 1 15 w as set to 4.88 
10 m min, peripheral speed of the rotating roller 2 was set to 5.03 nVmin, and the 

peripheral speed of the feed i oilers 3, 6 and the take-up rollers 126, 127 w as set to 
5.00 m/min. 

Example 2 

The nonw o\ en fabric roll 130 of Example 2 w as obtained in the same 
15 manner as in Example 1, except the production apparatus had the w idth expanding 

roller 3 disposed betw een the rotating roller 2 and the feed roller 5 as show n in Fig. 5 
and the peripheral speed of the feed rollers 5, 6 and the take-up rollers 126, 127 was 
set to 4.02 nvmin. A w idth expanding roller 3 w ith spiral groo\ es formed on the 
outer circumlerence theixof w as used and was rotated at a peripheral speed of 5.03 
2() m min. 

Example 3 

The nonw o\ en fabric roll 130 of Example 3 w as obtained in the same 
manner as in Example L except the production apparatus had the w idth expanding 
rollers 3. 4 disposed betw een the rotating roller 2 and the feed roller 5 as show n in 
25 Fig. 1 , and tlie peripheral speed of the feed i*ollers 5. 6 and the take-up rollers 126, 

127 was set to 4.SS m min. Width expanding rollers 3, 4 w ith spiral groo\es formed 
on the outer circumference thereof w ere used and w ere rotated at a peripheral speed 
of 5.03 m min. 
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Hxaniple 4 

The noin\ o\ en fabric roll 130 of Example 4 w as obtained in the same 
manner as in Hxample 1, except the production apparatus had ihc w idth expanding 
rollers 31,41, 32. 42. 33, 43. 34, 44 disposed betw een the rotating roller 2 and the 
5 feed roller 5 as show n in Fig. 6, and the peripheral speed of the feed rollers 5, 6 and 
the take-up rollers 126, 127 w as set to 4.88 m min. Width expanding rollers 31,41, 
32, 42, 33, 43, 34, 44 w ith spiral groo\ es formed on the outer circumference thereof 
w ere used. The peripheral speed of the w idth expanding rollers 31,41 w as set to 
5.03 m min, and the peripheral speed of the w idth expanding rollers 32, 42, 33, 43, 
1 (j 34, 44 was set to 4.90 mmin. 

(Comparati\ e Example 1 ) 

The nonw o\ en fabric roll 1 30 of Comparative Example 1 w as 
obtained in the same manner as in Example 1, except that a prior art production 
apparatus show n in Fig. 0 w as used and that the peripheral speed of the take-up 

15 rollers 126, 127 w as set to 5.12 nr mm. Peripheral speed of the rollers 121, 122 w as 
set to 5.27 m min. 

The nonwo\ en fabric rolls of Examples 1 to 4 and Comparati\ e 
Example 1 produced as described abo\ e w ere measured for basis w eight (g nr), 
w idth of roll (cm) , outer diameter (cm) , roll w eight (g), density of roll (g cc) and 

20 unrolling tension T (g cm basis -w eight) , w ith the results of measurements show n in 
1 able 1 Th.e basi^ weight tg nr) was determined by measuring the weight of a 
sample of si/e 25 cm x 25 cm that w as punched from the nonwo\ en fabric and 
multipK ing the w eight b\' a factor of 16. The roll w eight w as determined by 
subtracting the weight of the paper tube from the total weight. Density of roll (g cc) 

25 w as determined b\' calculating the total \ olumc of the roll including the paper tube, 
subtracting the \ olume of the paper tube from the total \ olume to obtain the \ olume 
of the nonw o\ en fabric (roll \ olume), and di\'iding the roll w eight by the roll 
\ olume. 

The unrolling tension T w as measured w ith a tension measuring 
30 instrument 50 as shown in Fig. 7. The tension measuring instrument 50 comprises a 
stage 51 to place the nonw o\ en fabric roll 130 thereon, an engaging member 55 



consisting of a shall w ith a bearing nuninlcd ihereon to be inserted into the paper 
tube 132 of the non\\ o\ en fabric roll 130 and a member that has a shape of 
rectangular C in plan \ iew and is connected to both ends of the shaft, a constant 
speed take-up de\ ice 53 that w inds up, at a constant speed, a w ire 54 that is fastened 
5 to the engaging member 55 at one end thereof, a U gauge (tension meter) 57 ha\ ing a 
hook 58 that is hooked on one end of the non\\ o\'en fabric 131 at the lead of the 
nonw ov en fabric roll 130. a data processor 59 that processes data obtained by the U 
gauge (tension meter) 5 7 and an output de\ ice 60 that outputs data processed by the 
data processor 59. W hen the w ire 54 is w ound up al constant speed by the constant 

10 speed take-up de\ ice 53, the nonuox en fabric roll 130 moves toward the constant 
speed take-up de\'ice :)3 while rolling, thereby causing a tension in the nonwo\'en 
fabric 131 on the leading edge, w ith the tension being measured by the U gauge 57. 
When the tension exceeds the adhesion of the nonw ox cn fabric roll 130, the 
nonw'o\'cn fabric 131 is unrolled from the nonwoxen fabric roll 130. 

1 5 The top surface of the stage 5 1 is inclined by about 5 degrees from the 

horizontal plane in order to stabilize the rolling speed of the nonw o\ en fabric roll 
130. A portion of the nonw ox en fabric 131 w here the hook 58 is hooked on is 
reinforced by attaching a reinlbrcing tape. Winding speed of the constant speed 
take-up de\ ice 53 was set in a range from 3 to 4 nrmin. 

20 The tension acting on the nonwox en fabric 131 when unrolled, 

measured as described abo\ e, changes as show n in Fig. 8. In this example, mox ing 
a\ erage of ihie tension in the steady state region in Fig. 8 w as taken to calculate the 
mean \ alue t (g) . that w as di\ ided by the product w idth 1 (cm) and the basis w eight 
W (g nr) thereby determining the tension T according to the equation: 

25 T - (t 1) W 

As shown in Table 1, longitudinal wrinkles were not generated in an\' 
of the nonw o\ en fabric rolls 130 of Examples 1 to 4, w hile the nonwox en fabric roll 
of Comparatix e Example 1 shoxx ed longitudinal xx rinklcs located 10 to 20 cm 
inxx ard from both edges thereof, and shrunk in the xx idth. h is also shoxx n that the 
30 nonxx ox en fabric rolls 130 of Examples 1 to 4 hax e loxx er densities indicating loxx er 
tightness of xxmding than the nonxxox en fabric roll of Comparatix c Example 1. The 
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nonw ox cn fabric rolls 130 of f:\amples 1 to 4 also show ed low er unrolling tension 
indicating that the self-adhesi\ e properties of the fabric w ere low er than in the 
nonwo\ en fabric roll of Comparatix e Example 1. 



Table 1 





Basis 
(Li nr) 


Roll 
Width 
(cm) 


Outer 
Dianictct" 
(cm) 


Roll 

Weight 
■ (u) 


[)eiisit\ 
oi'Roll 
(g cc) 


I nrolling Tension 
( g m basis-w eight ) 


Wrinkle 
( jenerated 


l:\aniplc 1 


64.9 


123 


3S.5 


39.900 


0.283 


0.24 


No 


l:xample2 


65.0 


125 


39,5 


40.600 


0.271 


0,19 

[ — . — — . — — - ■ t 


No 


: t^ixample 3 

1 


6s 0 : 


126 


40.9 


1 " ■ 

41.000 


0.258 


0.10 


No 


l^xanipic 4 ! 


— H 

65.2 


126 


41.4 


41.100 


0.255 

■ 


0.06 

^ ^ 1 


No 


C\^inp. 


64.8 


120 


35.4 


38.900 


0.318 


0.35 


^'es 



: l:\ample 1 _ '• '[ [ ^ ^ : 

5 In Examples 1 to 4, the nonw ox en fabric 131 coidd be peeled off the 

belt com eyor 1 15 under stable conditions by setting the peripheral speed of the 
rotating roller 2 to be 2 to 4*N) higher than the running speed of the belt conx eyor 
1 15, while the nonwox en fabric 131 of Coniparatix e Hxaniple 1 shoxx ed poor release 
at the center thereof, and could be peeled off onlx by setting the peripheral speed of 
10 the nip rollers 120 (rollers 121, 122) S'N) higher than the lamning speed of the belt 
coin eyor 115. 

FMrst aid bandages x\ ere produced b\' using the nonxx ox en fabric rolls 
of Examples 1 to 4 and Comparatix c Example 1, as described beloxx'. The nonxx ox en 
fabric xx as draxx n out in the horizontal direction at a speed of 13 m min from the 

15 nonxx ox en fabric roll supported rotatably, and 40 g nr of an acry lic adhesix e 

(copolx'mer of 87 w eight of 2-cth> Ihexylacrx late, 10 xx eight of x inyl acetate and 
3 XX eight 'N) of acr\iic acid) xx as coated on one side thereof xx ith release paper being 
laminated on the adhesix e layer, thereby formmg an adhesix e sheet. The adhesix e 
sheet xx as punched to make rectangular pieces measuring 19 mm in the longitudinal 

20 direction and 72 mm in the direction of the nonxx ox en fabric. A gauze pad 



# 
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measuring 13 X 22 mm w as placed on the adhesiv e layer w ilh the adhesiv e la\er 
co\ ered h\' a lining lo make the first aid bandage. 

The first aid bandages of Examples 1 to 4 and Comparativ e F:xample 
1 made as described abo\ e w ere left to stand for three months. Then dimensions of 
5 the no n w ov en fabric portion w ere measured w ith the result show n in Table 2. 



Table 2 





! Dimensions ImnK^diLitcK 
1 After Production (mm) 


Dimensions 3 Months 
After [Production (mm) 


Shrmkagc Ratio In 
rongitudinal Direction of 
Non\\o\en Fabric ('\)) 


Pfodiict of [;\aniplc 1 


1 9.0 X ^2,0 : 


IS. 7 X 72.0 


1 


Tr^uuLL of L\ ample 2 


; 19.0 X 72,0 


IS. 9 X 72,0 


0,5 ; 


P rod u c t 0 r [: \ a m p I c 3 


; i9.0X':'2.0 


. ^ — _ ^ 

19.0 X 72.0 


: 

0 


PrcKiuct of I:\amplc 4 


1 1 9 0 X 72.0 


19.0 X ^2,0 

i 


0 

\ - ■ : 


Produci of CO tnparati\ c 
: i:\aniplc I 


19.0 X 72.0 


17.0 \ 72,0 


10.5 



As shown in Table 2, the first aid bandage of Comparative Example 1 
show ed greater shrinkage ratio after three months than any of the first aid bandages 
10 of I:xamples 1 to 4. This it thought to be because the high adhesive properties of the 
nonwov en fabric roll of Comparatix e Example 1 requires a greater untxilling tension 
that causes the nonw ov en fabric to stretch more w hen unrolled, resulting in greater 
slinnkage after delayed restoration from the stretcl.ed state. In order to mmimi/.e the 
shrinkage ratio, the unrolling tension is preferabK' 0.2 g cm basis-w eight or low er. 

1 5 Example 5 

The nonw oven fabric roll 130 of Example 5 w as made by using 
thermoplastic polvurethane polvmer ha\ ing Shore A hardness of 82 made from 
pol\ tetrameth>'lene gl\'col ha\ ing a molecular w eight of 1000, MDI, and 1, 4- 
butandiol as the raw material. The temperature of the melt blow head 102 w as set to 
20 225 degrees centigrade, the tempcratiu'e of gas discharged from the discharge port 
102c w as set to 230 degrees centigrade and the How rate thereof w as set to 1 1000 
NL min. Running speed of the belt con\ e\'or 1 15 and the peripheral speed of the 
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feed rollers 5. 6 and the take-up rollers 126, 127 were set to 4.23 m min. Peripheral 
speeds of the rotating roller 2 and the expanding rollers 3. 4 that are similar to 
Hxample 3 were set to 4.35 m min. The thermoplastic pol\'urethane includes 0.2 
weight of phenolic antioxidant. 0.2 weight of ben/otria/ole light screening 
5 agent and 0.3 w eight ^'o of montan w ax ha\ ing adhesion mitigating action for 
urethane. 

Comparati\ e Example 2 

The nonwo\ en fabric roll 130 of Coniparatix e Hxample 2 was 
obtained in the same manner as in Example 5, except using the production apparatus 
10 shown in Fig. 9. The nrriphera! speed of the take-up rollers 126, 127 was set to 5.12 
ni niin. Peripheral speed of the rollers 121, 122 w as set to 5.27 m min. 

The nonw o\ en fabric rolls of Example 5 and Comparati\ e Example 2 
produced as described abo\ c w ere measured as described previously for basis w eight 
(g nr), width of roll (cm) , outer diameter (cm) , roll weight (g), density of roll (g cc) 
15 and unrolling tension T (g cm basis-w eight) , with the results of measurements 
show n in Table 3. 



Tabic 3 



Basis 


Roll 


Outer 


Roll 


I)ensit\' 






: Weight \ 


Width 


Dianietei 


Weight 


I of Roll 


I'lirolliiig 1 ension 


Wrinkle 


; {g nr) 


(cm) 


(cm) 




(gcc) 


( g m basis-w eight ) 


(ieneiated 






44.2 


4"^. 300 


: 0.254 


0,1 1 


No 




1 15' 




44.^)00 


0.355 


0.30 


\'es 



I:\a mple 2 [ ^ \ 

.As show n in Table 3, longitudinal w rinkles w ere not generated in the 
20 nonw o\'en fabric roll of Example 5. w hile the nonw ox en fabric roll of Comparatix e 
Example 2 show ed longitudinal w rinkles and had shrunk in width. It is also show n 
that the nonw o\ en fabric rolls of Example 5 has less roll density indicating low er 
tightness of w inding than the nonw o\ en fabric roll of Comparati\ e Example 2. The 
nonw o\ en fabric roll of Example 5 also show ed low er unrolling tension indicating 
25 less adhesi\ e properties than the nonw o\ en fabric roll of Comparatix e Example 2. 
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Although not show n in llie tabic, in F:\ample 5, the nonw o\ en fabric 
131 could be peeled from ihc bell con\ c\ or 1 15 under stable conditions b> setting 
the peripheral speed of the rotatmg roller 2 to be 2 to 4*\) higher than the running 
speed of the beU con\ e\ or 1 15, w hile the nonw o\ en fabric 131 of Comparati\ e 
5 Hxample 2 showed poor release at the center thereof, and could be peeled off only 
b\ setting the peripheral speed of the nip rollers 120 (rollers 121, 122) S^'o higher 
than the running speed of the belt con\ eyor 1 15. 

The nonw oven fabric rolls of Example 5 and Comparativ e Example 2 
and urethane fdms (50 microns) laminated onto release paper were used to make a 2- 

10 layer product, for use as dust-free gloves used in semiconductor device factories. 
Specifically, 5 g m' of a nolyurethanc-ba^cd hot melt adhesiv e was applied by 
spraying unifomily over the poly urethane film on the release paper. The nonwoven 
fabric unrolled fomied the nonwoven fabric roll was laminated on the adhesive 
surface of the polyurethane film, w ith the tw o layers adhered to each other by 

1 5 pressing w ith nip rollers, and w ound up into a roll. The polyurethane film w as made 
to a w idth of 1 30 cm, and the w inding speed w as set to 1 5 mmin. Results of 
measuring the w idth of the nonw oven fabrics laminated on the polyurethane films 
produced as described abo\ e are show n in Table 4. 

Table 4 

I Width of 

Nonw o\ en fabric roll 

: Product of Hxaniple 5 126 125.5 : 0.4 

Product of Coniparatn c 115 110 4.3 
^Hxaniple 2 ^ ^ ■ ^ 

As shown in Table 4, Comparativ e Example 2 produced a product that 
has width (110 cm) smaller than the w idth of the nonw ov en fabric roll before 
laminating the two lavers (115 cm), while products hav ing substantially the same 
w idth as the original w idth w ere obtained in Example 5. This is thought to be 
because a greater unrolling tension vv as applied due to the higher adhesive properties 
of Comparativ e Example 2. resulting in greater stretch w hen unrolling. 
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